INTRODUCTION
Although it is widely accepted that genetic testing provides useful information, the literature shows that such testing can also cause emotional distress, adversely affect family members, and raise worries about possible misuse by insurers and employers. 1, 2 In the past, decisions about such tests were made in consultation with genetic counselors and other genetic professionals. Increasingly, however, genetic tests, especially those for complex disorders such as Alzheimer disease, are being made available in doctors' offices and on the Web through directto-consumer (DTC) testing companies-situations in which there is often inadequate time or opportunity for meaningful discussion or preparation.
The e4 allele of the apolipoprotein E (APOE) gene has been shown to be a risk factor for late-onset Alzheimer disease. [3] [4] [5] [6] Having one e4 allele raises a person's lifetime risk to 25-40%. Having two copies raises the risk to approximately 55%. However, even for people with two e4 alleles in their genetic signature, it is not certain that the disease will develop; conversely, many people without this allele do develop Alzheimer disease. 7 APOE testing is available both as a single genetic test and as part of a package of tests for estimating cardiovascular disease risk. It is also available through DTC companies, bundled together with genetic tests for other health conditions or for genealogy. Prominent medical and genetic professional groups have recommended against APOE testing. They emphasize that (i) the test does not identify those who will definitely develop the disease and (ii), for those found to be at higher risk, there are no current medical interventions that can reduce the symptoms or prevent the disease. [8] [9] [10] [11] A recent consensus statement reaffirms this recommendation, with the proviso that if genetic testing is sought nonetheless, it should be accompanied by genetic counseling and psychosocial assessment. 12 The NIH's REVEAL (Risk Evaluation and Education for Alzheimer's disease) studies examined the effects of disclosure of APOE status to asymptomatic adults with an affected parent. 13, 14 They concluded that disclosure of APOE status caused only temporary and minor distress to those found to have e4 genes and lowered symptoms of depression and anxiety in those found to have no e4 gene. However, potential participants received substantial genetic counseling prior to entering these studies and were excluded if they showed signs of depression or anxiety. In more usual situations in which genetic testing is performed with little or no counseling, there have been reports Submitted Purpose: With the increasing interest in apolipoprotein E (APOE) genetic testing to estimate the risk of developing late-onset Alzheimer disease, new educational tools are needed to help people make the best decision for themselves about whether to undergo this test. This study evaluated an online tool to assist in this decision process.
Methods: A prototype decision aid was studied in a two-part survey that collected data from participants before and after they examined the decision aid. Both surveys had multiple-choice options and opportunities for open-ended responses, yielding quantitative and qualitative information. The responses before and after use of the aid were compared for each participant.
Results: A total of 1,262 individuals completed both surveys. The overall effectiveness of the decision aid was shown by three measures: 94% found the decision aid very helpful or somewhat helpful; general knowledge was increased; and some people changed their minds about APOE genetic testing, with 35% shifting to a higher likelihood of undergoing the test and 20% to a lower likelihood. Suggestions for improvements were noted and incorporated into the online tool.
of adverse effects in those receiving news of being at higher risk for Alzheimer disease. 15, 16 More than 5 million people in the United States have been diagnosed with late-onset Alzheimer disease. Millions more are likely to be affected in the near future as the number of people aged 65 and older increases. 17 There is concern that the increasing demand for APOE genetic testing 18 will overwhelm counseling and educational resources. 19 In addition, participation in some Alzheimer prevention studies calls for genetic testing to select those at highest risk.
There have been calls for new and validated educational tools that can be used to assist those making decisions about whether to undergo APOE testing and other forms of susceptibilitygene testing. Such tools could also serve as the basis for further decision-making during consultations with doctors. [20] [21] [22] We have developed an online educational tool and decision aid to help individuals considering APOE genetic testing. This tool was first endorsed by two focus groups and a panel of medical and genetic professionals. To be fully useful, however, any educational tool needs to be evaluated by consumers considering genetic testing. We report here on such a study of our Alzheimer disease genetic-test decision aid. We describe the effectiveness of the decision aid and the improvements made in response to suggestions provided by the users.
MATERIALS AND METHODS

Prototype online decision aid
Development of the decision aid was based on a framework of four general questions that people should consider as they make a decision about whether to pursue genetic testing. These four questions emerged from the analysis of ethnographic interviews carried out in a study of people who were facing a genetic-testing decision for one of several complex disorders, including Alzheimer disease. 23 The questions are (1) is there a family history?, (2) will the test give useful information?, (3) is this the right time for testing?, and (4) do the advantages of obtaining the information outweigh the disadvantages?
The material was presented following standards recommended for decision aids. 24 The average reading level for the prototype is eighth to ninth grade. 25 Question 4 calls for each person to consider personal values, family realities, and social-level concerns. For example, while at the personal level APOE testing can help with planning for the future, it can also bring on psychological distress. At the family level, testing can alert others to their risk but it can also create tension and rifts within the family. At the social level, there is the possibility of participation in a research study but also the possible loss of genetic privacy and misuse of the test results by employers and insurance companies. To help clarify these values-laden issues, a series of short dramatized vignettes was developed in which actors show the advantages and disadvantages of APOE testing using extended quotes taken from the ethnographic interviews. The original vignettes were reviewed by a focus group (n = 9) that found them very helpful in allowing value components to be recognized. 26 One of the major suggestions for improvement was to have individual actors present values and issues arising at the personal level but to have pairs of actors discuss the pros and cons of issues arising at the family and social levels. The videos were revised to incorporate those suggestions.
A concluding section provides a summary indicating where concerns, if any, were expressed about genetic testing. All summaries, even for those who had answered "yes" to each question, recommended consultation with a medical or genetic professional. Here, general concerns raised by the questions, as well as concerns specific to each individual, could be further addressed. The tool gave no summary recommendation for or against genetic testing.
Validation study
The prototype online decision aid for APOE genetic testing was evaluated in a two-part before-and-after repeatedmeasures survey conducted by the Virginia Tech Center for Survey Research and approved by the Virginia Tech Institutional Review Board (14-381). Prospective participants were directed to either an online site or a dedicated telephone number where they received a description of the study along with consent information. Those who chose to participate were given the URL for the online study site. Consent to participate was signified by completion of the surveys. In survey 1, data were collected from participants prior to their examination of the decision aid. In survey 2, data were collected from these same participants 1 week after they had examined the decision aid. Both surveys had multiple-choice, including Likert-scale, questions, as well as opportunities for open-ended responses, yielding quantitative and qualitative information. Each participant was provided a unique survey link that showed respondent e-mail addresses (which were each assigned a random tracking number) to be used in the follow-up for participants for survey 2 data collection. This permitted the before-and-after (repeated measure) responses of each participant to be compared, thereby eliminating variation among subjects by allowing each participant to serve as his or her own control. E-mail addresses were kept separate and were never linked to the data set. All e-mail addresses were deleted from the system and destroyed when the datacollection portion of the study closed. There was no financial or other compensation for participants (samples of both surveys can be found in the Supplementary Methods and Procedures online).
Participants
A multipronged effort was undertaken to call the study to the attention of potential participants. Information was sent to regional support groups, adult day-services centers, community organizations, state agencies, and medical centers. The study was listed with online registries that inform people about Alzheimer disease research protocols. These included the Alzheimer's Association TrialMatch website, the Alzheimer's Prevention Registry of the Banner Health Institute (Phoenix, AZ), and the ADEAR Center (NIH) clinical trial database. Given the nature of these recruitment efforts, it is likely that many of the participants were already well informed either from direct personal experience or from their own efforts to seek information on the Internet.
Data analysis
All analytics were performed using JMP software. 27 One "placebo/control" question was included in surveys 1 and 2 to check for Hawthorne-type effects, i.e., that knowledge of being in a study may possibly alter participants' behavior or assessments. 31 This question dealt with "financial consequences" associated with genetic testing. Because this topic was not addressed in the tool, no change between surveys 1 and 2 would be expected.
Qualitative data from open-ended questions were obtained by examining all the written responses to specific survey questions. All such responses were coded to identify major themes and categories within each theme. Responses within each category were prioritized by the number of comments received.
RESULTS
Demographics
Approximately 2,850 inquiries were received. Of these, 1,747 participants completed survey 1 of the study, and 1,262 participants completed the study by viewing the decision aid prototype and responding to survey 2. Of those who completed both surveys, 86% were female and 14% were male. Ages ranged from 22 to 87 years old, with a mean age of 54.5 and a median age of 56 years. More than 90% of the participants self-identified as white.
Of the 1,262 participants, 81% had someone in the family who had been diagnosed with Alzheimer disease and 52% had been a care provider for someone with Alzheimer disease. Among those with an Alzheimer disease diagnosis within the family, 60% had been care providers; among those without a family history, only 17% had been care providers. Almost all participants (97%) indicated that they had health insurance.
As might be expected for an online study, nearly all participants (97%) indicated that they were comfortable using computer-based materials. There were no statistically significant differences when participants older than age 60, who might be thought of as less at ease with such materials, were compared with younger age groups. The time it took to review the decision aid averaged 20 minutes, with 80% of the participants completing their review within 10-35 minutes.
Overall effectiveness of the decision aid
A number of measures were used to assess the overall effectiveness of the decision aid for APOE genetic testing. The first measure was a direct query about the helpfulness of the aid. In response, 34% of the participants rated it as being very helpful and 60% rated it somewhat helpful, for an overall positive rating of 94%. Only 6% indicated that it was not very helpful or not at all helpful. In a related query, 93% of respondents reported that they would recommend this educational tool to others considering APOE testing.
Written comments in response to optional open-ended questions expanded on these choices. Of those who wrote about why they found the decision aid "very helpful" (374 responses), the major comments indicated that they found it balanced as well as clear and user-friendly. They also indicated that they appreciated having the decision broken down into useful components. Of those who found the decision aid to be "somewhat helpful" (619 responses), the balance and the value of the new information provided was also cited. For some of them, however, there was a desire for a definitive recommendation regarding genetic testing, which the tool does not provide. Of the group who found the tool "not very helpful" or "not at all helpful" (68 responses), the major reason given was that they felt themselves well informed prior to examining the tool.
The "placebo/control" question to estimate Hawthorne-type effects yielded only a very small, clinically unimportant change (0.08 Likert units on a 4.0-point Likert scale) at the margin of statistical significance. Thus, any such effect was too small to appreciably impact the results.
Another measure of effectiveness is whether there is an increase in general knowledge. Respondents were asked to what extent they are now familiar with the factors that influence risk for developing Alzheimer disease. Of the 1,221 volunteers who answered before and after viewing the decision aid, 47% reported no change in familiarity, 49% reported an increase in familiarity, and only 4% reported a decrease in familiarity. The average increase in familiarity was 0.55 Likert-scale units (P < 0.0001).
With regard to the meaning of APOE genetic-test results, the before-and-after comparison showed a dramatic educational effect for one subset of respondents. This subset (203; 17%) consisted of respondents who initially indicated that they did not know what to expect (122; 10%) or who mistakenly believed that the results of APOE testing would definitely reveal, with certainty, whether they would develop Alzheimer disease (81, 7%). After examining the decision aid, most of these same individuals (148; 73%) came to understand that the results of genetic testing would reveal only whether their risk is higher than average but would not provide certainty. The rest (83%) of the 1,221 respondents already knew that the test results would not provide certainty. This encouraging figure is not surprising given that recruitment efforts largely reached people who were already actively seeking information about genetic testing.
Another measure of effectiveness is whether the decision aid enables people to more knowledgably reconsider previously held views that may have been based on partial or incorrect information. Drawing again on the before-and-after tracking feature, the data in Figure 1 show that more than half the participants changed their perceived likelihood of pursuing testing during the next year, with 35% shifting to greater likelihood and 20% shifting to a lower likelihood. Figure 1 shows a coherent and sensible "triangular" pattern in the change in perceived likelihood after using the tool. That is, in either direction, positive or negative, smaller changes are more prevalent than larger changes.
Although Figure 1 shows the overall pattern of change, Figure 2 goes deeper by showing the specific pattern of change for each level of initial likelihood of testing. The triangular pattern seen in Figure 1 occurs for each level of initial perceived likelihood. Finally, Figure 2 shows that for those not in the two extreme positions ("very likely" or "not at all likely"), change occurs in both directions.
The use of vignettes for presenting value components involved in a genetic-testing decision
One of the challenges in making a genetic-testing decision is evaluating the advantages and disadvantages that result from undergoing such testing. This examination calls for each person to draw on his or her own personal values and experiences as well as on family realities and social-level concerns.
As an aid in promoting clarification of individual values, the prototype relied on short, dramatized vignette modules. These vignettes provided human faces and voices of people explaining their reasons for and against undergoing genetic testing for predisposition to Alzheimer disease. Survey questions were designed to evaluate this values-clarification component. Survey respondents were also able to add personal comments. Many took the opportunity to comment specifically on the vignette modules.
More than half of the respondents (57%) indicated that the vignettes were either a major influence (23%) or somewhat of an influence (34%) as they pondered a decision. Others, approximately 44%, felt that they were only a minor influence (26%) or had no influence at all (18%). The respondents' written comments helped to clarify these differing assessments. Analysis of these qualitative data revealed that for some, the vignette component was a very important means of helping them identify and align their values before making a decision. Here is a brief sampling of such comments:
I appreciated especially the different ideas being presented by the actors in such a realistic way that I could feel which point of view most resonated with me-well done! I loved the different opinions and thoughts in the videos regarding the decision to undergo genetic testing. There was a variety of people in different age groups and races and I loved their opinions and concerns. They mimic my own.
It allowed me to think of things that I would not have thought of with regards to getting tested, such as, is this a good time in my life to know this information, how would it affect me to know, how would it affect my family, etc. It brought up points I didn't think about.
It gave the pros and cons of aspects that test results would affect...insurance, family, planning concerns-it stimulated detailed thought in each area, thoughts which might not occur to people, i.e., how would other siblings and children be affected psyhologically [sic] by results.
Among the participants who did not find the videos helpful, there was a clearly stated preference for text-based presentations.
I didn't care for the video segments. They felt contrived and gave me information that I would rather have read.
It spurred me to consider other factors that I hadn't thought of around genetic testing, but the videos weren't an ideal way to present information to me. I found the actors distracting and would prefer to have the option to read case studies or narrative.
I also didn't like the use of videos-I did not watch them. I would prefer to be able to scan textual information without having to take the time to watch a video.
I know something of the impact might be lost, but I would suggest including an option to read text instead of watching videos. This would help people with slow internet connections and those who only have access to public computers and aren't comfortable having sound play.
In sum, for many participants, the vignettes were seen as extremely helpful in identifying the values that come into play with genetic testing. The vignettes assisted them with their own values-clarification efforts. Others, however, with a different learning style or who were using the tool in public settings where sound was a problem, indicated a strong preference for receiving this information in text-form only.
Modes for future genetic testing
Only a few respondents (126) indicated having had any experience with genetic testing prior to their use of the decision aid. Of these, 52% had undergone testing in a medical setting and 33% had testing performed on their own by a DTC company. Of the 890 respondents who answered regarding their choice of testing mode after examining the prototype, the preference for having APOE testing under the auspices of the medical community was 72% and the preference for having testing via a DTC company was 20%. Of those who had already undergone DTC genetic testing, half indicated that they would continue to use the DTC mode.
Suggestions for improvements
Participants were asked for suggestions for improving the decision aid. More than 700 comments of all kinds were received. Approximately one-quarter of the comments stated that there were no revisions to recommend. The rest made suggestions that fell into three major categories, as shown in Table 1 .
DISCUSSION
Overall, these analyses support the view that the online decision aid was an effective educational tool. It enabled people to learn about APOE genetic testing and it was useful to them as they considered (or, in some cases, reconsidered) their genetictesting decisions. Given the limited number of genetic counselors in the United States and the limitations of time in any doctor's office visit, there is a need for alternative mechanisms for presenting genetic information in an easily accessible and balanced manner. Online tools, such as this one, can help meet this need.
Table 1 Recommended improvements and modifications made
Recommended improvement Modification made
Enhance site functionality to permit greater ease of navigation through the four basic components
The site was redesigned and re-coded to increase its functionality and to make progress through the tool more efficient; different platforms can now be used (e.g., desktop computers, tablets, smartphones)
Include additional information on the genetic testing process, ways of locating genetic counselors, and insurance-coverage issues
The text was expanded to include requested information
Provide an alternative to the vignette modules for consideration of the pros and cons of APOE testing for those more comfortable with text A text-only option, edited to retain the main point, was developed to allow users to select the learning mode-video or text-that they prefer
Volume 19 | Number 6 | June 2017 | Genetics in meDicine Personal, family, and societal values factor into genetic-testing decisions. This study has shown that a novel feature of this decision aid-the use of short, dramatized vignette modules-can be an effective additional means of sorting through and clarifying values issues for a sizeable group of participants. However, based on the feedback received, it is evidently important to also use text-based educational methods so that the values aspect of the genetic-testing decision can be appreciated by users more attuned to text only. A text option also makes it possible to use the decision aid in settings where sound is unwelcome, such as libraries or doctors' offices.
By reaching out for the advice of consumers, educational materials can be revised to improve their usefulness. Table 1 shows the changes made in an effort to benefit from the recommendations that were received. The average reading level (eighth to ninth grade) did not change. A printout option was also added to the tool's summary page. It provides a document that can be shared with health-care providers.
Professional organizations have issued consensus statements criticizing the use of DTC genetic testing and calling for the involvement of genetic professionals. 32, 33 Although overall interest in using DTC testing was reduced after using the decision aid, it still remains the preferred choice of a significant subset (20%) of the survey participants, especially those who had undergone DTC testing previously. Given that 40% of those who originally indicated that they were "likely" to undergo genetic testing changed toward reduced interest after using the decision aid, as did 25% of those who originally were "somewhat likely" to seek testing, this online tool could be of use to individuals who prefer to bypass the medical community when they consider testing.
Some limitations of this study should be noted. First, in general, the participants recruited were computer-literate individuals who were motivated to explore Alzheimer disease online. Less knowledgeable or motivated members of the general population may need different formats or methods of engagement. Second, the participants were mostly female and Caucasian. Although not representative of the general population, this group is consistent with the demographic profile of those who enroll in the research registries and who participate in the support groups reached during the recruitment process. They also match the profile, as determined in the REVEAL studies, 19 of those most likely to seek APOE testing. It is also worth noting that the prevalence of Alzheimer disease is significantly higher for women than for men. 4 Another limitation is that, although no substantial differences were found due to sex or heritage group, because of the dearth of males and nonwhite participants, this study might not have been able to detect such differences. Finally, any decision aid, no matter how well validated, needs to be updated periodically in order to incorporate new research findings and advances in modes of treatment and prevention, as well as new recommendations put forth by professional groups.
This tool is now freely available on a dedicated website. 34 Validated educational tools can play an important role in helping this new age of genomic medicine yield the greatest amount of benefit with the least harm.
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